The neutral lipids of Acholeplasma axanthum contain carotenoid pigments, as evidenced by spectral characteristics, visual color, color reactions, and labeling with [2-'4C]mevalonic acid. Approximately 80% of the label from [2-"C]mevalonic acid appeared in esterified fatty acids of the glycolipids and polar lipids. These carboxylic acids behaved as hydroxy acids of varying chain length.
of the genus Acholeplasma reported devoid of carotenoid pigments, even though it does not require sterols for growth (12, 13) . The absence of carotenoids has been concluded from the lack of appreciable absorption at 438 nm by lipid extracts of small cellular pellets and the minimal incorporation of ["4C]acetate into the nonpolar lipid fraction (12) . Although extensive studies have been performed to define the structures of the polar lipids of this organism, there have been no reports on the nature of the neutral lipids. The polar lipids are unique in relation to those found in other acholeplasmas and mycoplasmas. A. axanthum is the only member of the Mollicutes which contains sphingolipids (5) and D-(-)3-hydroxy fatty acids in an amide linkage (5) . This report provides unequivocal evidence for the existence of polyterpenols in this organism and increases its compatibility as a member of the genus Acholeplasma (8) .
MATERIALS AND METHODS Culture. A. axanthum strain S743 (ATCC 25167) was harvested from 100-liter batches grown on medium C supplemented with oleic acid at a final concentration of 1.3 x 10' M, as described previously (6) .
Radiolabeling was accomplished by growth of the organisms in 100-ml amounts of the above medium or 2% tryptose (Difco Laboratories, Detroit, Mich.) to which 5 ytCi of [2-14C] mevalonic acid (New England Nuclear Corp., Boston, Mass.) was added.
Extraction and separation of lipids. Lyophilized cells from large batch cultures or wet cells from isotopically labeled cultures were extracted with 30 volumes of chloroform-methanol (2:1, vol/vol) under N2, and the nonlipid contaminants were removed as previously described (5, 6, 9) . Total lipids were fractionated into neutral lipids, glycolipids, and polar lipids by passage through a silicic acid column by established procedures of this laboratory (9) . Thin-layer chromatography was performed on 0.25-mm layers of silica gel H activated by heating at 130°C for 60 min. De- veloping solvents included the two-phase system isopropyl ether-acetic acid (96:4), followed by petroleum ether-diethyl ether-acetic acid (90:10:1) (7) and petroleum ether-methanol (95:5) for neutral lipids, chloroform-methanol (9:1) for glycolipids, and chloroformmethanol-water (65:25:4 and 50:10:1) for polar lipids; all solvent ratios were calculated on a volume-to-volume basis. Chromatography of the neutral lipids was carried out in a nitrogen environment in the dark. Neutral lipids were detected by charring with 50% sulfuric acid in methanol; carotenoids were detected by fluorescence under UV light, visual color, and spraying with a saturated solution of SbCl3 in chloroform (4). Glycolipids were detected by charring and with the diphenylamine reagent. Polar lipids were visualized by charring and the phosphate reagent of Vaskovsky and Kostetsky (14) . Radioautography was performed with Kodak Royal Blue X-ray film.
Analytical methodology. UV and visible light spectra of polyterpenes in spectral-grade hexane were obtained with a Beckman model DK2A scanning spectrophotometer. Procedures used for gas-liquid chromatography and scintillation counting have been described previously (5, 6) . Complete reduction of polyterpenes was accomplished by shaking with reduced PtO in glacial acetic acid in a sealed reaction vessel overnight at room temperature. After filtration to remove the catalyst and addition of water, the reduced polyterpenes were extracted into hexane. Mild alkaline hydrolysis was carried out with 1.0 N KOH in methanol at 37°C for 10 min. Acid methanolysis utilized 1.0 N HCl in methanol at 100°C for 18 h (6) . All solvents were distilled in glass, and all chemicals were of reagent grade.
RESULTS
Previous experience with growing large lots of A. axanthum revealed cell pellets having a faint yellow color. This color was extractable with chloroform-methanol and appeared in the neutral lipids upon further fractionation. The spectral characteristics of this crude fraction suggested the existence of carotenoid pigments, despite previous reports (12, 13) (dibenzylethylamine diamine salt) was chosen as a better precursor for demonstration of carotenoid biosynthesis. When this precursor was used in a culture medium devoid of added sterol, glucose, or acetate, significant radiolabeling of all three lipid classes occurred (Table 1) . Although most of the radioactive label appeared in the polar lipid fraction (80%), considerable radioactivity was found in the neutral lipid fraction (17%). Radioautographs of thin-layer chromatograms revealed labeled spots near areas representing the solvent fronts of the diphasic solvent system used for the separation of neutral lipids. Both of these areas were a faint yellow color. Because the slower moving component comigrated in this solvent system with cholesterol, an attempt was made to determine whether the radiolabeling was coincident with cholesterol. This area was eluted from the thinlayer plate and mixed with a known quantity of cholesterol purified from its dibromide. Repeated crystallizations resulted in loss of radioactivity with no trend toward attainment of constant specific activity (Table 2 ). These data suggested that the isotopic label did not reside in the cholesterol molecule. Subsequently, large batches of the organism were grown to obtain sufficient quantities of the carotenoids for analysis. The neutral lipids were fractionated on silica gel H plates, and all areas fluorescing under UV light (366 nm) were scraped and eluted. The pertinent data on the five components recovered are shown in Table 3 . Although not all were colored, all five components fluoresced under UV light, exhibited the characteristic blue color with SbCl3, and gave the typical absorption spectra of carotenoids, with three maxima. The absorption spectra of the two hydrocarbon components matched those of z-carotene and phytoene, whereas the remaining three behaved as hydroxylated derivatives of phytoene. Further proof of the carotenoid nature of these components was obtained by complete reduction with H2 over PtO, followed by gas-liquid chromatography. The hydrogenated products from the carotenoids of this organism comigrated with lycopersane, the 30-carbon reduction product of lycopene. (12, 13) . The organism used in this study was proven to be A. axanthum both by its serological identity with known specific antiserum and by the presence of sphingolipids specific to this Acholeplasma species. The criteria used by other investigators in establishing the absence of carotenoid pigments are insufficient. The spectral test employed by others measures absorption at 438 nm, the optimum for neurosporene, which is the major colored pigment of Acholeplasma laidlawii (11) . Less unsaturated carotenoids absorb at shorter wavelengths, some even in the UV range. These would not be detected at 438 nm. The extinction coefficients of various carotenoids differ (15) Organic phase from polar lip-n-Methanolic HCl at 100°C for 40,000 5, 889 33,284 ids treated with alkali microsomal phosphatase to form free prenols. These free prenols are then irreversibly dehydrogenated by rat liver alcohol dehydrogenase and aldehyde dehydrogenase to form prenoic acids, primarily dimethylacrylic acid (1) . It is probable that some modification of the first alternative route of mevalonic acid metabolism is operating in A. axanthum. It appears that [2- "C]mevalonic acid is converted into hydroxy fatty acids, which are then incorporated into complex lipids. Prior conversion of the mevalonic acid to allyl pyrophosphates is necessary to account for the lack of labeling with [1-14C]-mevalonic acid.
